Summary 26
Nodaviruses are the ethiological agents of one of the most serious viral diseases 27 affecting marine fish aquaculture. Nodavirus infection produces an abnormal 28 swimming behaviour and causes encephalopathy and retinopathy associated to 29 important mortalities. The expression of TNF-, IRF-1 and Mx was up modulated 30 in turbot after nodavirus infection. A significant increase in the production of 31 nitrogen radicals was also observed in experimentally infected turbot. Several 32 antiinflammatory compounds (the antioxidant N-acetilcysteine, cortisone, 33 dexamethasone, prednisolone and aminoguanidine) were assayed to determine the 34 role of inflammation on nodavirus infection. Cortisone and aminoguanidine were 35 able to accelerate the mortality onset associated to nodavirus infection, modulating 36
Introduction 44
Piscine nodavirus (family Nodaviridae, genus Betanodavirus) [1] are the 45 causative agents of one of the most serious viral diseases that affects to marine fish 46 larvae and juveniles in aquaculture [2] . The central nervous system (CNS) and the eye 47 are the target sites for nodavirus replication. Affected fish exhibit swirling swimming 48 and vacuolization and necrosis of the central nervous system. Turbot (Scophthalmus 49 maximus), a marine fish species of growing economical importance in aquaculture, has 50 been reported as being susceptible to several nodavirus strains isolated from striped jack 51
[3] and Atlantic halibut [4] . Natural outbreaks have been described in Norway [5, 6] but 52 the information on the immune response against nodavirus in turbot is scarce [7] . 53 A strong expression of proinflammatory cytokines has been described in 54 infected sea bass (Dicentrarchus labrax) brain. This response could be related with the 55 neurodegeneration and encephalopathy associated to nodavirus infection since in 56 seabream (Sparus aurata), a resistant species, the expression of these cytokines in 57 infected animals was much lower [8] . In higher vertebrates, neuroinflammatory 58 reactions associated to viral encephalitis caused by Herpes simplex virus type -1 59 (HSVE) involves a rapid production of IFN-and proinflammatory cytokines such as 60 IL-1 , TNF- [9, 10] . The effects of corticosteroids in controlling inflammation and 61 certain forms of cerebral oedema have been experimentally documented on some viral 62 encephalitis [11] . However, their role has been discussed and there is certain concern on 63 whether their immunosuppressive action may result in an accelerated spread of the virus 64 via the nervous system [12, 13] . 65
The goal of our study was to study the nodavirosis in turbot and to determine the 66 role of several antiinflammatory factors in turbot nodavirus pathogenesis. Minimum Eagle Medium (MEM) (GIBCO) supplemented with 100 IU/ml penicillin 85 and 100 g/ml streptomycin (GIBCO) and 2% Foetal Calf Serum (FCS) (GIBCO). 86 TCID50 ml -1 (tissue culture infectious dose infecting 50% of inoculated cultures) was 87 calculated according to Reed and Münch [15] . 88 89
Experimental infection with nodavirus 90
In order to confirm the virulence of the two nodavirus strains for turbot, groups 91 of 22 animals (2,5 g mean total weight) were infected by intramuscular injection (i.m) 92 with the AH95NorA or the 475-9/99 strains (100 l/ fish, 1 x 10 6 TCID 50 ml - 
108
In order to obtain a primary culture of brain cells, entire brains were removed in 109 sterile conditions, placed into culture medium and dissociated by forcing it through a 110 100 m nylon mesh. The suspension was centrifuged at 500xg for 15 min and the 111 resulting precipitate was resuspended in Leibovitz medium (L15) supplemented with 112
Foetal Calf Serum (FCS) containing 100 IU/ml penicillin and 100 g/ml streptomycin. 113
The cell concentration was adjusted to 1x 10 7 cell ml -1 . 114
115

Nodavirus detection by RT-PCR. 116
In order to determine the presence of nodavirus in brain and kidney of infected turbot, 117 viral detection was performed using RT-PCR based on the amplification of a highly 118 conserved region of the coat protein gene as previously described [18] . Products of the 119 amplification reaction were visualized on a 1.5% agarose gel. The antioxidant N-acetilcysteine (NAC, Sigma) (3 mg/ fish) was 175 intraperitoneally injected after nodavirus or medium inoculation and 176 administered daily until the end of experiment. The chosen doses were used 177 following previous studies on zebrafish [22] . 178
After the infection procedure, groups of 20 fish were injected i.p 179 daily until the end of experiment with 100 l of cortisone (10 M), 180
Dexamethasone (50 g/ml) or Prednisolone (750 g/ml). In all cases, doses were 181 adjusted to fish weight as described in the literature [23, 24] . titre, 1x 10 6 TCID 50 ml −1 ( Figure 1A ). In the case of 475-9/99 the mortality began before, 218 at 7 days p.i. 219
Moreover, after 1 and 3 days p.i., nodavirus were detected at low level in the 220 brain. Its presence was higher at 7 day p.i ( Figure 1B The ability of head kidney leukocytes and brain cells to produce NO was 236 examined in response to nodavirus infection. More than 60% of the examined infected 237 fish showed a significant increase in NO production (Table 2) . In all sampled points the 238 nitrite concentration was higher in infected than control fish. In vitro, the two doses of 239 nodavirus (1x10 3 TCID 50 ml -1 and 1x10 6 TCID 50 ml -1 respectively) assayed showed a 240 nitrite concentration increase at 1 day post infection (Figure 3) 
Cytokines expression analysis in turbot after a nodavirus infection 244
The expression levels of some proinflammatory cytokines such as TNF-, IRF-1 245
and antiviral cytokines such as Mx determined by quantitative PCR are shown in Figure  246 4. The expression of Mx was increased at 3 and 7 days post infection being higher at 7 247 days p.i. (Figure 4A) . 248 A significant up-modulation of IRF-1 and TNF-expression was detected in the 249 brain at 3 day p.i ( Figure 4B and 4C, respectivelly) . At 7 days p.i. the expression 250 continued to be higher than in the uninfected group but the expression level decreased. 251
252
Effect of inflammation modulators in mortality rate associated to nodavirus 253
infection. 254 255
The daily treatment of infected fish with NAC resulted in a 20% reduction of the 256 cumulative mortality ( Figure 5A ). However, the difference between the treated and 257 untreated group was not statistically significant. The inflammatory response is an indispensable defence mechanism against 326 pathogens, but it may also damage tissues. In fact, a dual role of inflammatory response 327 in the brain has been reported after a CNS injury, a response that can aggravate the 328 damage in affected CNS but that can also participate in neural regeneration [55] . 329
The corticosteroids are well known for their anti-inflammatory and 330 immunosuppressive properties [56] . In our study, the daily administration of cortisone 331 seems to accelerate the mortality onset. The same results were observed when 332 dexamethasone and prednisolone were administered, although these drugs produced an 333 acceleration of the onset of the mortality but not an increase in the cumulative mortality. 594  595  596  597  598  599  600  601  602  603  604  605  606  607  608  609  610  611  612  613  614  615  616  617  618  619  620  621  622  623  624  625  626  627  628  629  630  631  632  633  634  635  636  637  638  639  640  641  642 TABLE 1 
